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Introduction
Ketamine is an antagonist of the N-methyl-D-aspartic acid (NMDA) receptor complex and is mainly used for anesthesia. Also, ketamine is also being studied as a treatment for mental disorders (ie. depression [1] and pain [2] ). However, it is now frequently used as a recreation drug due to its dissociative effect. In Taiwan, ketamine is classified as grade III illicit drug and was second to ecstasy as the most commonly consumed illegal drugs among young people [3] . Illicit ketamine use is associated with urological burden such as ketamine cystitis and erectile dysfunction [4] [5] [6] . Large surveys revealed 20-30% of ketamine abusers suffered with lower urinary tract symptoms due to ketamine cystitis (KC).
Erectile dysfunction (ED) is characterized by an inability to achieve and maintain penile erection for sexual performance. The relationship between illicit use of ketamine and male sexual function was less clear. Long-term administration of ketamine induced erectile dysfunction in rats. [7] . Suppiah et al [5] reported that half of 127 Malaysians, mostly ethnic Chinese, using ketamine and polydrugs admitted erectile dysfunction. Recently, animal study showed that ketamine could induce erectile dysfunction in male rats [8] . Up to date, there was no large scale study using validated questionnaire to survey erectile dysfunction in male KAs.
A group of experts in Taiwan met and reached a general consensus on the recommended assessment of ketamine associated uropathy [9] . International Prostate Symptoms Score (IPSS), Interstitial Cystitis Symptoms and Problem Index (ICSI and ICPI) were recommended to assess LUTS in KAs because these questionnaires have been widely used by Taiwanese urologists [10] . Herein, we reported the prevalence of erectile dysfunction and LUTS among street and hospital KAs. Risk factors of erectile dysfunction and LUTS were analyzed and reported.
Materials and methods
The study was approved by ethic committee of Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation. Ketamine is graded as level III illicit drug in Taiwan. Street KAs caught by policemen were requested to attend an educational course for 6-8 hours in Taiwan [3] . If there is concomitant use of higher level of illicit drugs (i.e. Heroin, morphine, opiate, cocaine, amphetamine, NMDA, and marijuana), they will be detained in a Drug Abstention and Treatment Center for detoxication for at most 2 months [11] . Therefore, the study included only those with ketamine and those with higher level of illicit drug were not included in the study. The study participants comprised men aged� 18 years. During the educational courses, all participants were given a verbal explanation of the study. After the participants completed the written informed consents, they were invited to answer a structured questionnaire anonymously, which included demographic data, history of alcohol consumption, smoking, other illicit drug abuse in addition to ketamine (i.e.. Heroin, morphine, opiate, cocaine, amphetamine, NMDA, and marijuana etc.), visual pain score (0-10), International Prostate Symptom Score (IPSS), brief form International Index of Erectile Function (IIEF-5) and the Interstitial Cystitis Symptom Index (ICSI) and Problem Index (ICPI) [10] questionnaires. The same questionnaires were answered by patients visiting urologic clinics for management of LUTS.
Erectile dysfunction
The sexual function was evaluated with the IIEF-5. Response options are based on rating scales from 1 to 5. The responses are summed resulting in a total IIEF-5 score ranging from 5 to 25. A score of 21 or lower is regarded as having erectile dysfunction (ED). ED can be classified into five severity grades: absence of ED (IIEF-5 score 22-25), mild (17-21), mild to moderate (12) (13) (14) (15) (16) , moderate (8) (9) (10) (11) , and severe (5-7) [12] Lower urinary tract symptoms
The lower urinary tract symptoms were evaluated with the International Prostate Symptom Score (IPSS), Interstitial Cystitis Symptom Index (ICSI) and Problem Index (ICPI) [8] An IPSS of 8 or more is regarded as abnormal. The original goal of ICSI and ICPI I questionnaire is to evaluate and diagnose patients with interstitial cystitis and each questionnaire contains four questions related to urinary and pain symptoms. A score of (ICSI + ICPI) �12 points is regarded as abnormal. The Symptom Index included four symptoms: 1. whether the patient feels the need to urinate with little or no warning 2. has to urinate more frequently than every 2 hours, 3. needs to get up during the night to urinate, and 4. has pain in the bladder. The Problem Index evaluate: 1. urinary frequency during the day, 2. urinary frequency at night, 3. the need to urinate with little or no warning, and 4. burning, pain, discomfort, or pressure on the bladder.
Statistics
Data were expressed as mean ± standard deviation and were analyzed by commercial statistical software (SAS, version 9.4, USA). Demographic and voiding parameters were compared via an independent sample t test (continuous demographic variables), a χ2 test (nominal data), and a Mann-Whitney U test (ordinal data). Multivariate logistic regression was used to evaluate the risk factors, ie. Age, cigarette smoking (yes vs. no), alcohol consumption (yes vs. no), dosage of ketamine (dosage >2 or < = 2 g), and duration of illicit ketamine use (months), route of ketamine administration (smoking ketamine cigarette vs. others), Co-use of other illicit drugs (yes vs. no) and abstinence period of illicit ketamine for male sexual dysfunction (IIEF-5 < = 21). For all tests, a p-value of less than 0.05 was regarded as significant.
Results
Between 2016 and 2017, 993 street KAs and 63 hospital KAs were enrolled. Mean age of the subjects are 22.76 ± 6.4 years. Table 1 summarizes the demographic data and results of questionnaire. The mean duration and dosage of illicit ketamine use is 31.6±37.3 months and 2.20 ±2.89 g/day. KAs enrolled from hospitals had higher average daily dose and longer period of using of drugs, higher score of LUTS (IPSS, ICSI, ICPI), higher pain score, and lower score of IIEF-5 than those from street.
Erectile dysfunction
Complete IIEF-5 was replied in 804 male KAs of whom 30.8% with IIEF-5 ≦21 were regarded as having erectile dysfunction (Table 2) . ED was more commonly frequently observed in hospital than street KAs (69.6% vs. 27.9%, p<0.001). Univariate analysis revealed that age ≧30 years and duration of ketamine use were significant risk factors for ED in ketamine abuser. Also, abstinence of ketamine is a protective factor for erectile function among the participants. However, average daily dose, route of ketamine use, cigarette and alcohol consumption did not pose significant effects on ED. Multi-variate analysis disclose that the only risk factor for ED in all male KAs were ≧30 years (Table 3) . Subgroup analysis on male street KAs disclosed that age≧30 years is a risk factor of ED and abstinence ≧3 months is a protective factor (Table 4) .
Lower urinary tract symptoms
LUTS (ICSI+ICPI ≧12) is prevalent in KAs although these participants are young men and are more frequently observed in the hospital KAs than street KA (77.6% vs. 6.7%, p<0.001). Table 5 lists the univariate and multivariate analysis for risk factor of lower urinary tract symptoms. Univariate analysis revealed that age ≧30 years, duration of ketamine use ≧24 months, average dosage ≧2 g and co-use of other illicit drugs were significant risk factors for ED in ketamine abuser. Multivariate analysis disclosed that significant risk factors for LUTS (ICSI +ICPI ≧12) were age ≧30 years, duration ≧24 months and co-use of other illicit drugs. Average dosage ≧2 g also pose impact on LUTS despite insignificant on multivariate anaylsis.
Correlations between sexual and bladder dysfunction in all ketamine abusers
Sum score of ICSI plus ICPI was negatively associated with IIEF-5 in all male KAs (p<0.0001, Fig 1A) and male street KAs (p<0.0001, Fig 1B) .
Discussion
Up to date, this is the largest case series to report sexual dysfunction and lower urinary tract symptoms in male illicit ketamine abusers which comprised those caught by policemen or visiting urologic clinics for managements of LUTS. Compared to street KAs, hospital KAs had higher average daily dose, longer period of ketamine abuse, higher score of LUTS and lower score in sexual function (Table 1) . Male erectile dysfunction as defined by IIEF-5≦21 was reported in 30.8% of all KAs (Table 2) , which was higher than the reported prevalence of healthy Taiwanese young men in which were 11.9% and 17.6%, respectively [11, 13] . Male ED was more frequently observed in hospital than street KAs (69.6% vs. 27.1%, p<0.0001) especially more mild to moderate ED was observed. Though most male street KAs were graded as mild ED, about 1/3 of male hospital KAs had higher grade of ED (Table 2) . Recently, Suppiah et al used an yes or no question to define ED and reported that ED was present among half of Malaysians who used ketamine and poly-drugs [14] . In the ketamine-treated rats, long-term ketamine administration caused significantly decreased erectile responses, decreased smooth muscle content, reduced nNOS expression, increased iNOS content and increased corpus cavernosum apoptosis when compared with controls [7] . This may partly explain the reasons why ketamine could cause erectile dysfunction in young men. Similarly, illicit use of amphetamine was associated with erectile dysfunction [11] . High prevalence of erectile dysfunction in ketamine, amphetamine and other substance abuse may partly explain the significant misuse of sildenafil in London nightclubs [15] . Higher average daily dose and longer duration of ketamine abuse may partly explain the reasons of male ED in hospital KAs (Table 1 ) Univariate analysis disclosed risk factors of male ED were age ≧30 years and duration of abuse ≧12 months, while ketamine abstinence was a protective factor (Table 3) . Multiple variate analysis showed that only age ≧30 years was risk factors for male ED. The reason why age as a risk factor of ED in KAs was unknown yet, though older age may be associated with longer duration and higher dose of ketamine abuse. Further studies on the age and effects of ketamine should be explored. Since our subgroup analysis on male street KAs disclosed that risk factors for ED were age≧30 years and abstinence ≧3 months is a protective factor (Table 4) , more studies are required to prove that abstinence from ketamine does improve erectile function. Among these young participants, alcohol, cigarette smoking, route of ketamine administration and co-use of other illicit drugs did pose significant effect on ED. Significant risk factors for having LUTS were older age, longer duration of ketamine use, and higher dosage of ketamine use which were in line with previous studies. Co-use of other illicit drugs also pose significant effects on LUTS. (Table 5 ) Previous case reports mostly enrolled participants of high dose (≧2 g) and long duration of ketamine abuse [16] [17] [18] . The relatively lower prevalence of LUTS among street KAs in the current study may be due to difference in questionnaire and duration of drug abuse. Our results on LUTS were similar to the reports by Chen et al [19] who used the same questionnaire to detect LUTS in KAs. They reported that among 143 participating ketamine users, 25 (17.5%) had LUTS. However, Chen et al did not report the LUTS in 118 street and 25 hospital ketamine abusers separately. Therefore, the true prevalence of LUTS in street KAs may be much lower. Shorter duration of street KAs in the current study (mean 32 months) may partly explain the lower incidence of LUTS in this study than Chen's series (6.7% vs. 52%) in which a mean duration of 4 years was observed [1] . The significant association between erectile dysfunction and LUTS in male ketamine abusers can be attributed to longer duration and higher dose of ketamine which may have direct effects to both bladder and erectile functions. The side effect of street ketamine may differ from the prescribed medical ketamine. The most commonly reported side effects associated with medical use of ketamine are psychiatric disorder, hypertension, nausea and vomiting [20] . Further studies are warranted to explore the differences in components between the street ketamine and medical-use ketamine.
Main limitation of the study lies in the volunteer filling in the questionnaire by the street KAs attending an educational course organized by the government. The variable dosage and duration of ketamine used within the period may lead to a significant bias. The self-reported dosage and a lack of objective parameters might result in measurement bias. Also, the study is lacking of normal control and whether ED or LUTS are more prevalent in ketamine abuser remained lacking of strong evidence. We are now conducting a large-scale study to evaluate the lower urinary tract function including erectile function and lower urinary tract symptoms among the healthy young men. Hoperfully, we can report the data in the near future. However, through the large scale study and comparisons between hospital KAs, the trend of more sexual dysfunction and LUTS in higher dose and longer duration abusers were confirmed indirectly. Secondly, we used the questionnaire to diagnose LUTS instead of using the more objective measurements, such as bladder diary and uroflowmetry. However, the large scale study made these diagnostic tests not feasible and a questionnaire (ICSI/ICPI) was used under the experts' consensus. Thirdly, the comorbid psychiatric diseases were not recorded. Finally, the participants were not included through random sampling and therefore we enrolled a large number of study participants to overcome the bias.
Conclusions
Male sexual dysfunction and lower urinary tract symptoms was frequently observed in the street and hospital ketamine abusers. We suggested that street ketamine abuse should be considered in young men presented with ED and LUTS in the clinics.
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